Background: Depression in congestive heart failure (CHF) patients can increase morbidity and mortality. Given the ever-rising prevalence of CHF patients with depression, it is vital that we understand the predictors of depression in these patients to identify and better manage these patients. The main objective of this study was to evaluate the frequency and predictors of depression in CHF patients. Methods: A cross-sectional study was conducted in a tertiary care hospital. Patients with a diagnosis of CHF for more than 6 months based on signs and left ventricular ejection fraction <40% were included. Patients were interviewed with the Patient Health Questionnaire-9 (PHQ-9) consisting of nine items in line with the Diagnostic and Statistical Manual (DSM) -IV criteria to assess depression. Each item was scored from 0 to 3, and a PHQ-9 score of 10 or greater suggested clinical depression. Data were analyzed on SPSS, v22, and a p < 0.05 was considered significant. Results: Of 170 participants, 102 (60%) had depression. Among these 102 patients, 42% (n ¼ 43) had mild depression, and the rest (n ¼ 59) had moderate-to-severe depression. Predictors of depression were New York Heart Association stage 3 or 4 (p ¼ 0.001), previous myocardial infarction (p ¼ 0.001), living without a partner (p ¼ 0.001), lack of a joint family system (p ¼ 0.001), sedentary lifestyle (p ¼ 0.001), aged 70 years or more (p ¼ 0.01), and having been admitted in a hospital at least once in the past two months (p ¼ 0.002). Conclusion: Depression is common among patients with CHF. It is associated with multiple factors and needs to be addressed and targeted urgently.
Introduction
Depression is five times more prevalent in heart failure patients than in the general population. 1, 2 Depressive symptoms contribute to increased health-care costs, 3 hospitalizations, 4 worsening of heart failure symptoms, 4 and deaths. 2, 5, 6 Moreover, it has been reported that depression in heart failure patients is related to diminished quality of life, 4,7 functional decline, 8 physical and social limitations, 4 and worsening of New York Heart Association (NYHA) functional classification. 1, 8 The worldwide prevalence is variable, although data is scarce from developing countries. A study from Pakistan reported that 30% of patients had depression in chronic heart failure. 9 Such data suggest that by understanding the predictors of depressive symptoms, we may be able to identify CHF patients who are at higher risk of morbidity and establish interventions targeted at improving and/or preventing further depression. In Pakistan, hospitalizations due to CHF are increasing at an alarming rate. 10 Considering the increasing prevalence of cardiovascular diseases, determining the risk factors for developing depression in patients with heart failure is vital. The aim of the present study was to identify the factors associated with depressive symptoms in CHF patients. Furthermore, we sought to determine the prevalence of depression among patients with CHF.
Materials and methods
This cross-sectional study was conducted during February 2017 after approval from the Institutional Review Board of Dow University of Health Sciences. Recruited participants were heart failure patients who visited the clinics for follow-up of CHF in Karachi. The patients diagnosed with CHF for more than 6 months as documented in their medical records by echocardiography with the left ventricular ejection fraction (LVEF) < 40% were included. Exclusion criteria were as follows: having an implantable cardioverterdefibrillator (ICD), suicidal ideations, end-stage liver disease, severe debilitating conditions, recent major surgeries, current hospitalization, and pregnancy.
Face-to-face interviews were conducted by interns or medical students who were specially trained before the formal start of this investigation. To check inter-rater reliability, randomly selected participants were interviewed for the second time by a different or the same interviewer, and the scores were compared and analyzed ensuring no significant difference existed in the ratings. Questionnaires were read to participants, and their answers were recorded, although no assistance was provided in deciding which response was to be given. Each participant signed a consent form before data collection. Information on age, sex, marital status, income level in Pakistani rupees, education level, number of hospital readmissions, and mean time since diagnoses were collected. Patients earning less than 10,000 Pakistani rupees monthly were categorized as having a low socioeconomic status. Hospital readmission was specified for exacerbation of symptoms of CHF within the last two months.
All interviewers used standard questions and were blinded to the aforementioned data. Apart from this, recall bias was reduced by asking questions in the questionnaire about an easily recallable time period. Furthermore, imputation method was avoided, and incomplete questionnaires were discarded. Unhealthy eating behaviors (3 times/week) were defined based on a standard lifestyle questionnaire, 11 which was developed by the Japan Ministry of Health, Labor and Welfare and is widely used for specific health checkups (Tokutei Kenshin) in Japan.
Sedentary behavior was assessed using the Past-day Adults' Sedentary Time (PAST) questionnaire. 12 The PAST is a seven-item instrument that uses past-day recall of sedentary time. It asks about time spent sitting or lying (while awake) on the previous day with questions about time spent sitting or lying while at work, traveling, watching television, using the computer (excluding work), reading (excluding work), hobbies, and any other purposes not reported in the previous items. The PAST questionnaire has been found to have acceptable reliability and validity. 13 The NYHA functional classification 14 was carried out based on participants' severity of limitation. It ranges from I (no limitation of physical activity) to II (slight limitation in physical activity; comfortable at rest, but moderate physical activity results in limitation) to III (marked limitation of physical activity; symptoms are caused by less than ordinary activities) to IV (unable to carry on any physical activity without discomfort). Total scores were calculated using a weighted score for each activity; lower total scores indicate worse functional status.
Depressive symptoms were assessed with the Patient Health Questionnaire-9 (PHQ-9). 15 The PHQ-9 consists of nine items in line with the DSM-IV criteria for major depression (i.e. loss of interest, feeling down, sleeping problems, loss of energy, appetite change, feelings of failure, trouble concentrating, psychomotor change, and suicidal ideations). 16 Each item is scored on a scale from 0 (not at all) to 3 (nearly every day) with a total score ranging from 0 to 27. PHQ-9 scores suggest mild (less than 5), moderate (5e9), moderately severe (10e14), and severe (15 or more) depression.
Data were analyzed using International Business Machines Corporation's Statistical Package for the Social Sciences (IBM-SPSS), version 22. Patient characteristics were represented using means and standard deviations (SD) for continuous variables and frequency distributions for categorical variables. Independent t-tests and chi-square tests were used as the primary statistical tests. A p value of less than 0.05 was considered significant at a 95% confidence level for all cases.
Results
Out of the 170 patients, 133 (78.2%) had ischemia as the primary cause of CHF. Around one-fourth of the patients (n ¼ 44, 25.9%) were hospitalized at least once within the last two months. Mean duration of CHF was 4.6 years (SD ¼ 3.3). The mean age of the sample was 64.3 years (SD ¼ 9.6) with 125 being (73.5%) men. Nearly one-third (n ¼ 53, 31.2%) of the sample had no education. About half (n ¼ 73, 43%) of the sample reported being current smokers, whereas a very small percentage of the sample drank alcohol (n ¼ 13, 7.6%). Most (n ¼ 67, 39.4%) of the patients had moderate NYHA symptom severity scores. History of diabetes, hypertension, hyperlipidemia, previous stroke and previous myocardial infarction (MI) along with other baseline demographic and clinical characteristics are shown in Table 1 . Fig. 1 shows the proportion of the CHF patients with mild depression (n ¼ 43, 42.2%), moderate depression (n ¼ 31, 30.4%), moderately severe depression (n ¼ 15, 14.7%), and severe depression (n ¼ 13, 12.7%) as per the PHQ-9 scoring scale. Table 2 shows the predictors of depression. NYHA stage 3 or 4 (p ¼ 0.001), previous MI (p ¼ 0.001), living without a partner (p ¼ 0.001), lack of a joint family system (p ¼ 0.001), and sedentary To further examine the relationship between the severities of depression, we divided the sample into subgroups namely moderately severe/severe depression and mild/moderate depression as shown in Table 3 . Most significant associations observed did not remain significant for the greater severity of depression, except for associations of NYHA stage 3 or 4 (p ¼ 0.001) and hospital readmission (p ¼ 0.001). Specifically, associations with severe depression were nonsignificant in patients older than 70 years and those living in a joint family system.
Discussion
The growing recognition of depression as a potential cause of morbidity and mortality in heart failure patients has led to the increasing assessment of prevalence of depression in such patients. The prevalence of depression has been shown to be extremely high in the present study, with 60% of the participants being labeled as depressed. Previous studies have recorded varying prevalence ranging from 9% to 60% 17 in small studies; however, to the best of our knowledge, this is the largest study to include postdischarge patients (n ¼ 170).
Co-morbidities such as depression make treatment more difficult and worsen the prognosis-increasing NYHA class, hospitalization, and mortality rate. 18, 19 The prevalence of depression is three-fold higher in CHF patients than in the healthy population. 18, 19 A previous study demonstrated how depressive symptoms developed in 22% of CHF patients without depression at discharge 20 which partly explains that depression is more common in CHF patients. The definite mechanism which causes depression in CHF patients is not exactly known, yet the raised levels of catecholamines, cortisol, and inflammatory cytokines (IL-6, IL-1b, and TNFa) in both the diseases might somewhat explain the pathophysiology. 18 Four different mechanisms have been proposed for the progression of CHF in depressed patients: first, hypersecretion of cortisol and sympathetic hyperactivity in response to hypothalamic stimulation; second, reduced parasympathetic response leading to increased chances of arrhythmias; third, rise in proinflammatory cytokines causing inflammation; and fourth, hypercoagulability due to defective platelet activation. 21 CHF is a multiorgan disorder involving skeletal, renal, neuroendocrine, and immune systems along with the heart. Cytokines such as TNF-a, IL-1, IL-6, and macrophage chemo-attractant protein (MCP)-1 play a significant role in its development. 22 Similarly, depression and emotional distress have also been linked to abnormal immune responses peripherally and increased expression of proinflammatory cytokines which profoundly affects the brain and peripheral serotoninmediated systems. 23 There were eight risk factors associated with depression in CHF patients that were identified: age, previous MI, NYHA stage 3 or 4, living without a partner, absence of a joint family system, sedentary lifestyle, hospitalization within the past 2 months, and hospital readmission. The results were in line with a similar study which found a significant relation of previous ischemic heart disease, participation restriction, and lack of satisfaction with social support with depression. 20 The study predicted that the presence of these three risk factors alone increases the risk of developing depressive symptoms by 70%, and patients are likely to develop such symptoms in one year. 20 Unlike other studies on heart failure patients, our cross-sectional study evaluated patients in their postdischarge period of greater than 6 months, with different clinical, social, and economic settings. The consideration of living without a partner and social isolation has been associated with depression in the senior age group. 24 However, data in relation to heart failure patients is limited. 21 Our study found that being single and not living in a joint family is significantly associated with depression. This was corroborated by a study which found that living alone is a significant predictor of depressive symptoms in heart failure patients who followed up after a year. 25 Nonetheless, a study by Shimizu et al in 2014 20 did not find the same relation to be significant. Although some individuals might be depressed due to lack of support because of being single or not living with family, other individuals find it positive to live alone, which explains how depression is a subjective phase which develops when level of relationship does not meet one's desire to bond. 26 Although social isolation, poor health and decreased strength, and demise of friends might be contemplated as a cause of depression in the elderly, more individuals in the younger age group (<70 years) were found to have depression. This is in line with a study by Gottlieb et al 27 which found similar results. A possible explanation is that heart failure (HF) affects their quality of life physically and emotionally, as it is harder for the younger ones to accept those restraints. As far as gender is concerned, literature reveals that women are more likely to be depressed than men be it general population 28e31 or HF patients. 17, 27, 32 On the contrary, our study found depression to be more prevalent in men.
NYHA class, which is consistent with the severity of disease, is another factor that was significantly associated with depression in the study participants, and this was consistent with the findings of a meta-analysis performed in 2006. 2 Moreover, it has been demonstrated that patients with NYHA class 3 and 4 are more likely to be depressed. 27 Our study is analogous as it shows this group as having moderate to severe depression rather than mild to moderate depression, and the difference is significant. Smoking 33, 34 and hypertension 27 have previously been shown to be strongly associated with depression implying reduced desire for self-care and drug compliance, but it was not a significant predictor of depression in the heart failure patients studied in this study.
Feola et al, in one of the largest clinical studies in this area, found a significantly positive correlation between mini-mental state examination (MMSE), age, and brain natriuretic peptide (BNP), concluding that older CHF patients with a higher BNP plasma level had significant cognitive impairment. 35 It also found a significant association of depression in the elderly with increasing NYHA class in heart failure patients. 35 The pathophysiology behind cognitive dysfunction, however, remains unclear; it might be related to pump failure 36 or decreased blood supply to the brain. 37 On the other hand, depressive mood with higher NYHA class reflects how severe CHF causes functional impairment resulting in depression, and depression in turn might worsen the symptoms of CHF improving the severity of functional impairment. 35 The consequences of depression cannot be overlooked. It has been found to lower the quality of life and the survival rate. 18 Allcause mortality increases in patients with ejection fraction 35%, 38 and depression is found to be the most important risk factor for HF symptoms, physical and social functions, quality of life, and short-term worsening in health status. 4 Depression also adversely affects the autonomic system; the sympathetic system becomes overactive, causing tachycardia, decreasing heart rate variability, and lowering the threshold for ischemic attack. 39, 40 As proven experimentally, heart failure causes a rise in the natriuretic peptides in brain 41 which antagonizes blood pressure regulation and fluid neurotransmission in HF and thus are responsible for mental and emotional changes. 42, 43 Furthermore, depression increases hospital readmission and mortality in HF patients. 44 Accordingly, studies have suggested that treatment of depression can decrease morbidity and mortality in patients of HF. 27 There is evidence indicating that medical costs are higher for depressed HF patients than their nondepressed HF counterparts. 3 Hence, not just improving quality of life, treating depression also reduces health expenses incurred by these patients. However, it is still not known what the best pharmacological treatment of depression in HF patients should be. Variable pathogenesis of concomitant depression with inconstant predominance is a possible explanation why different treatment strategies have been irregularly unsuccessful. Depression, in turn, is associated with noncompliant attitude of patients with regard to pharmacologic and behavioral therapy. 45 This study has several important clinical implications. Owing to the high prevalence of depression, screening of CHF patients for depression in the postdischarge phase is required. Identification and treatment of depression in such patients improves patient's compliance to the corresponding treatment. Literature proposes that programs for psychiatric management in CHF patients to treat depression after discharge can help improve the consequences on health. 46, 47 Further multicenter studies are required on a larger scale and for a longer duration to assess the prevalence of depression in HF patients, the risk factors associated with it, and the effectiveness of screening and behavioral therapy programs in improving the health of patients.
Limitations
There are a few limitations in this study which need to be considered. Participants enrolled were from a single medical center. Different methods of assessing depression and the type of questionnaire used can create variations in the reported prevalence of depression. More studies are needed to clarify the extent to which these findings are generalizable to patients treated in other settings. In addition, this study was on CHF patients, who were diagnosed 6 months before; hence, the more acute CHF patients and their risk factors of depression could not be determined on the basis of this study. Additional research with a longer follow-up period is also needed to confirm our findings and to better evaluate the results. In addition, dependence of variation in each predictor through equal representation of each gender would have given a better picture and would have pointed out toward genderspecific interventions.
Conclusions
Depression is a common condition affecting CHF patients with NYHA stage 3 or 4, previous MI, living without a partner, sedentary lifestyle and age of 70 years or older as well as having been admitted in a hospital at least once in the past two months serving to be significant predictors of this condition.
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